a2 United States Patent

US011238733B2

ao) Patent No.: US 11,238,733 B2

Jiang et al. 45) Date of Patent: *Feb. 1, 2022
(54) GROUP DRIVING STYLE LEARNING (52) US. CL
FRAMEWORK FOR AUTONOMOUS CPC ... GO8G 1/096725 (2013.01); B6OW 30/0956
VEHICLES (2013.01); GO5D 1/0011 (2013.01);
) (Continued)
(71)  Applicant: Baidu USA LLC, Sunnyvale, CA (US) (58) Field of Classification Search
_— CPC ... GO8G 1/096725; GO8G 1/0112; GO8G
(72) Inventors: Yifei Jiang, Sunnyvale, CA (US); Dong 1/0145; GO8G 1/096775; GO8G 1/0129;
Li, Sunnyvale, CA (US?; Jiaming Tao, (Continued)
Sunnyvale, CA (US); Jiangtao Hu,
Sunnyvale, CA (US); Liyun Li, (56) References Cited
Sunnyvale, CA (US); Guang Yang,
Sunnyvale, CA (US): Jingao Wang, U.S. PATENT DOCUMENTS
Sunnyvale, CA (US) 2017/0270789 Al 9/2017 Ferguson
2018/0022350 A1*  1/2018 McNew oo GOSD 1/0223
(73) Assignee: BAIDU USA LLC, Sunnyvale, CA 701/23
(as) 2018/0039274 Al* 2/2018 Saibel .................. GO5D 1/0291
" .
(*) Notice: Subject to any disclaimer, the term of this cited by examiner
patent is extended or adjusted under 35 Primary Examiner — Masud Ahmed
U.S.C. 154(b) by 659 days. (74) Attorney, Agent, or Firm — Womble Bond Dickinson
This patent is subject to a terminal dis- (US) LLP
claimer. 7) ABSTRACT
. A social driving style learning framework or system for
(21) Appl. No.: 16/040,494 autonomous vehicles is utilized, which can dynamically
(22) Filed: Jul. 19. 2018 learn the social driving styles from surrounding vehicles and
’ adopt the driving style as needed. Each of the autonomous
(65) Prior Publication Data vehicles within a particular driving area is equipped with the
driving style learning system to perceive the driving behav-
US 2018/0349802 Al Dec. 6, 2018 iors of the surrounding vehicles to derive a set of driving
style elements. Each autonomous vehicle transmits the driv-
ing style elements to a centralized remote server. The server
Related U.S. Application Data aggregates the driving style elements collected from the
(63) Continuation of application No. 15/292.970, filed on autonomous Vehlclgs to det.er.mlne a driving style corre-
Oct. 13. 2016. now Pat. No. 10.049.328. sponding to that particular driving area. The server transmits
’ ’ T the driving style back to each of the autonomous vehicles.
(51) Int.CL The autonomous vehicles can then decide whether to adopt
GO6N 99/00 (2019.01) the driving style, for example, to follow the traffic flow with
GO08G 1/0967 (2006.01) the rest of the vehicles nearby.
(Continued) 22 Claims, 10 Drawing Sheets
Sorver
1 102
7 7 N \\\
/£ / N “~
/ A o
,/ ‘If \\ \\\
P ; R ey

U O 0% SR ., SR
P 2 e s 4
- > o
e Wi g |
— g d 1 s
®, = -
o




US 11,238,733 B2

Page 2

(51) Imt. ClL

GO6N 20/00 (2019.01)

B60W 30/095 (2012.01)

GO08G 1/01 (2006.01)

GO5D 1/02 (2020.01)

GO5D 1/00 (2006.01)

B60OW 50/00 (2006.01)
(52) US. CL

CPC .......... GO5D 1/0088 (2013.01); GO5D 1/021

(2013.01); GO5D 1/0291 (2013.01); GO6N
20/00 (2019.01); GOSG 1/0112 (2013.01);
G08G 1/0129 (2013.01); GOSG 1/0145
(2013.01); GOSG 1/096775 (2013.01); GOSG
1/096791 (2013.01); B6OW 2050/0075
(2013.01); B6OW 2556/45 (2020.02); B6OW
2556/65 (2020.02); GOSD 2201/0213
(2013.01)
(58) Field of Classification Search

CPC ... GO08G 1/096791; GO5D 1/0291; GO5D
1/021; GOSD 1/0011; GO5D 1/0088;
GO5D 2201/0213; GO6N 20/00; B6OW
30/0956; B60W 2050/0077; B6OW
2050/008; B60OW 40/09

See application file for complete search history.



US 11,238,733 B2

Sheet 1 of 10

Feb. 1, 2022

U.S. Patent

I E
€07
{L1s18As Ger A
sonAjepue eyep 08'8) MOHBULIO dein sisius
{slionriey oty Buiaug W SISO
Ter ot 9T
HORBULIO BNPO sIsAjeuy Bﬁmmmeau e18(]
s1f1¢ BUALG 841G Buiaug

10F
SO A, SNOWIOUOINTY

¥OT

{uoneooy g dews “Ba)
{slpnrieg

a0t

Si1
WRISAD JOSUSS

it
LISISAS BoRLRIY 488

AIOPIOR

001

45"
LISISAS UDHEDIUMLLLOT) SSSISHA

s
WESAS 0RUOD

fins
wesAs Buluueld pue uondsoisd




US 11,238,733 B2

Sheet 2 of 10

Feb. 1, 2022

U.S. Patent

Ty
WaIsAS J0HBU0D

¢oe 4174 10e
Hury bupjesg HUM oy, wury Bupesiy
GET e vz
WaIsAG 105198 HUN WY ai WU JEpEY
¢ie FAY4 12
A WU Sd9) (sjesawie]




US 11,238,733 B2

Sheet 3 of 10

Feb. 1, 2022

U.S. Patent

s
WBISASD 101UCT)

s
wesAg Buiuueld pue uondasied

&5t i 11
 eameq Mm\mm HONBULIOH]
oBrI0lg JuBlsISIad Ol BN BUAUG ooy pus dep

it
LISISAR JOSUBS

00¢

PAS

sinpopy Bulwee

Joneysg Bunlg SNPOY joUCT

158
BNPOR ucBULLBIB(
s1A18 BuiAlQ AsoLisiy
— — —
S . -

snpopy Buuued

0t
BINPOW
uondesisd

ele
BINDOW UOIBIDS(]

ToE
3INPOW
LORBZIES0T




US 11,238,733 B2

Sheet 4 of 10

Feb. 1, 2022

U.S. Patent




U.S. Patent Feb. 1, 2022 Sheet 5 of 10 US 11,238,733 B2




US 11,238,733 B2

Sheet 6 of 10

Feb. 1, 2022

U.S. Patent

008

900~

BB {ONUOD puR
Butuueid 9l U DOSBG SI0IUSA SNOWOUCINE S SAUD DUB [ORUOD

t

508"

‘2if1s BuisLp peasoal sUl Uo paseg [usuibBes anoy wau
“Ha) el BUALD IXeU 8 0] 218D J00U0s pue Buiuued sizisuss

t

Rl

"SOOIBA AGMEBU WO PEAMSISE SIUSUSIS 91A1S BUulAUD Uo posen
el siowes el Ag pauluusep sem 1By Al Buaup & Buipnow
BSUOUSos B SOAIDS SIOWIRS BU} WOy Suodst B 0A1808Y

i

209~

"SIOHISA SNOWCLICINE 3L 40y o118 BUnup B SUILLLISIDE O MIOMIBU
B ISA0 JBAISS 210WSI B 0] SjUsWee 3118 Blaup auy puisuey

i

zoa "

SHNABUDG
Busaup pesmnsd sy uo pasey stusle atys BuaLp Liow
A0BU0 HI IS B SUILLSIBE ‘seniyes BUIDUNCUnS Sul o 4yora 304

i

BiEA SNOWoUoINE ue BuIpunoLns
SOUDILSA BICW IO BUD J0 SICIABYSY Buiaup samniad pUB JOHUOW




US 11,238,733 B2

Sheet 7 of 10

Feb. 1, 2022

U.S. Patent

0L

T

‘2ae BUIALID SUl LI DBIBOO] BI8
12U SOIIIBA SNOWCUOINE 8U 10 UOES O 21418 Bulaup auw musuel

i

o

RISAIBUE BUI UD
paseg eese Bulaup sus o) Bupuodsanuios aiA1s BUALp B SUILLLISIRO

t

‘Bade DUALD a1 LI
SRATILISA DU UM DIIBIDOSSE S1usiuaie aldis Bunup o ezdjsuy

i

T

‘gase Buiaup oy
LA DRYECO] SSIMILSA 211 AIRUSD! ‘'seaie DLEALID 8L JO U0ES 104

i

"BUH] U 1O B 1R SHDIBA SNOLUICUCINE
BUL IO SUDEBOG U0 DOSEY SESE BUIALD S0 IO U0 SUILIBIRC

i

WIS B ISAD SSIIUSA SNCUIDUOING JO
RGUING B W0y SIUSWRe 21418 BUIAuD IO ISH B ISAISS B 1B SAISDEY




US 11,238,733 B2

Sheet 8 of 10

Feb. 1, 2022

U.S. Patent




US 11,238,733 B2

Sheet 9 of 10

Feb. 1, 2022

U.S. Patent

008

906

IR {OHUCS puR
Sutuueid oy UC DOSBY SIYSA SNOWOUOINE 91 BAUD PUB [OBUSD

t

506 <

.wmawmmmz,ﬁamw,,wmu@wwm%nmmgﬁawﬁmmmm%%%mz
B ) 90do DALD 1XKeU g 10 BIRD [0AuoD pue Buiiusid sizisusn

i

P06

SIUSLUBIR
@148 Butaup pabusyoxs eyl uo poseg 915 Bulaup & suiiuesg

1

206~

SHOISA SNOWOUOINE JBUI0 Woy
syusiuee ois Buaup eBusyoxe o) ABau SSI0IBA SNOLIDUINE
SO0 SUOU 0 BUC O) S1uBWSK o1 BUIALID Bu) BisuRl ]

1

z06 "

"SISIABUBC
Butaup paaaoisd sy U0 PESEY S1USLISE 8IS BUALD BIoW
IO BUD HISH B SUILMSIBE seniues BUiDUNDUnS Sul o yous oy

1

BEMEA SNOWOUOINE ue BuipunoLns
SODILSA BICUI JO U J0 SIOIABYSY Buiaup arwciad puB JIOHUOW




US 11,238,733 B2

Sheet 10 of 10

Feb. 1, 2022

U.S. Patent

0L "9id

14244

8041 {s)anpopy Bussssold n
{s}aoinagy efviolg w
J ) m
G ¥
WINIpsy sigepesM-snduio) m ) 1 m —— Mm.mw& - g
m {oipne w P {UOnGUOmMS w m m%mw
145! | ‘elsWED JOSUSS m i 'sniAls ‘paeoghey w SO mw.gmb
{s)ampopy Busseooig } uod jepeiedjeyes ; da&um%ma SSS|BIM “0'8)
i o i (syaomad
1 ‘uedgsn tBe) m § yonoy ‘ssnow “6e) m SOBLITUL SLIOMS
I SBIASC O/ 5&@ ) P (s)someq ndul m MBI SHOMIBN
4

GICT 1osuucuRlLy

eist
AIOUWIBIA

Hob
{sisppopy Busseonid

A ] FO5T |

{8)I08880044 i {aomap |

i Aeydeig sojpue

uIeT P eyonuos Aedsig |

{g}sinpopy Busssnoid b e s =
J0G1L




US 11,238,733 B2

1
GROUP DRIVING STYLE LEARNING
FRAMEWORK FOR AUTONOMOUS
VEHICLES

RELATED APPLICATIONS

This application is a continuation application of a co-
pending U.S. patent application Ser. No. 15/292,970, filed
Oct. 13, 2016, which is incorporated by reference herein in
its entirety.

TECHNICAL FIELD

Embodiments of the present invention relate generally to
operating autonomous vehicles. More particularly, embodi-
ments of the invention relate to determining driving styles of
autonomous vehicles.

BACKGROUND

Vehicles operating in an autonomous mode (e.g., driver-
less) can relieve occupants, especially the driver, from some
driving-related responsibilities. When operating in an
autonomous mode, the vehicle can navigate to various
locations using onboard sensors, allowing the vehicle to
travel with minimal human interaction or in some cases
without any passengers.

Group driving styles, relatively stable part of group driv-
ing behaviors at the strategic, tactical, and operational levels,
varies in different areas due to local social norms and
cultural values, surrounding environments and traffic con-
ditions, and local weather. For example, in suburban areas,
people’s driving styles are more on a defensive driving side
and in urban areas people are more on an aggressive driving
side. In addition, people drive more cautiously in a raining
day than usual.

An autonomous vehicle (also referred to as an autono-
mous driving vehicle or ADV) needs to adopt local driving
styles (or similar ones) to keep the traffic flow harmonious,
and to make a trip safe and time efficient. For example, an
autonomous vehicle may take a much longer time to com-
plete a trip if a very defensive driving strategy is adopted in
an urban area because most of vehicles are more on an
aggressive driving side, as they may cut in frequently.
Alternatively, an autonomous vehicle may have a higher risk
of an accident if an aggressive driving style is used in a
raining day as all surrounding vehicles are driving cau-
tiously and slowly. A social driving style has many aspects
and may change dynamically thus it is hard to preconfigure
a set of rules for that in an autonomous vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated by way of
example and not limitation in the figures of the accompa-
nying drawings in which like references indicate similar
elements.

FIG. 1 is a block diagram illustrating a networked system
according to one embodiment of the invention.

FIG. 2 is a block diagram illustrating an example of an
autonomous vehicle according to one embodiment of the
invention.

FIG. 3 is a block diagram illustrating an example of a
perception and planning system used with an autonomous
vehicle according to one embodiment of the invention.
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FIG. 4 is a block diagram illustrating an autonomous
driving configuration according to one embodiment of the
invention.

FIG. 5 is a block diagram illustrating an autonomous
driving configuration according to another embodiment of
the invention.

FIG. 6 is a flow diagram illustrating a process of operating
an autonomous vehicle according one embodiment of the
invention.

FIG. 7 is a flow diagram illustrating a process of deter-
mining driving styles for operating autonomous vehicles
according one embodiment of the invention.

FIG. 8 is a block diagram illustrating an autonomous
driving configuration according to another embodiment of
the invention.

FIG. 9 is a flow diagram illustrating a process of operating
an autonomous vehicle according one embodiment of the
invention.

FIG. 10 is a block diagram illustrating a data processing
system according to one embodiment.

DETAILED DESCRIPTION

Various embodiments and aspects of the inventions will
be described with reference to details discussed below, and
the accompanying drawings will illustrate the various
embodiments. The following description and drawings are
illustrative of the invention and are not to be construed as
limiting the invention. Numerous specific details are
described to provide a thorough understanding of various
embodiments of the present invention. However, in certain
instances, well-known or conventional details are not
described in order to provide a concise discussion of
embodiments of the present inventions.

Reference in the specification to “one embodiment” or
“an embodiment” means that a particular feature, structure,
or characteristic described in conjunction with the embodi-
ment can be included in at least one embodiment of the
invention. The appearances of the phrase “in one embodi-
ment” in various places in the specification do not neces-
sarily all refer to the same embodiment.

According to one aspect of the invention, a social driving
style learning framework or system for autonomous vehicles
is utilized, which can dynamically learn the social driving
styles from surrounding vehicles and adopt the driving style
as needed. Each of the autonomous vehicles within a par-
ticular driving area is equipped with a driving style learning
or adoption system to perceive and observe the driving
behaviors of the surrounding vehicles to derive a set of
driving style elements. Each autonomous vehicle transmits
or reports the driving style elements to a centralized remote
server (e.g., a cloud server) over a network. The server
aggregates the driving style elements collected from the
autonomous vehicles to determine a driving style corre-
sponding to that particular driving area. The server then
transmits the driving style back to each of the autonomous
vehicles that are located within the corresponding driving
area. The autonomous vehicles can then decide whether to
adopt the driving style, for example, to follow the traffic flow
with the rest of the vehicles nearby.

In one embodiment, an autonomous vehicle perceives
driving behaviors of the vehicles surrounding the autono-
mous vehicle. Driving style elements for each of the sur-
rounding vehicles are determined based on its driving
behavior. The autonomous vehicle transmits the driving
style elements to a centralized remote server over a network.
The remote server is communicatively coupled to many
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autonomous vehicles and receives driving style elements
from each of the autonomous vehicles about the driving
behaviors of its surrounding vehicles. The autonomous
vehicle receives a driving style from the remote server,
which determines a driving style based on the received
driving style elements collected from one or more other
autonomous vehicles nearby. Based on the received driving
style, the autonomous vehicle plans and generates planning
and control data to control and drive the autonomous
vehicle. As a result, the autonomous vehicle can adopt a
driving style similar to other vehicles nearby and to follow
the traffic flow smoothly.

According to another aspect of the invention, instead of
sending the driving style elements to a centralized server, the
autonomous vehicles that are located within a predetermined
proximity or driving area may exchange the driving style
elements over a wireless network (e.g., a wireless local area
network or WLAN) to allow each of the autonomous
vehicles to determine a driving style itself based on the
driving style elements observed by each autonomous vehicle
itself and other autonomous vehicles nearby. That is, each
autonomous vehicle aggregates the driving style elements
observed by all autonomous vehicles in the area to deter-
mine a driving style to adopt. This is particularly useful
when a network connection to a centralized server is
unavailable.

In one embodiment, a first autonomous vehicle observes
driving behaviors of one or more vehicles surrounding the
first autonomous vehicle. Driving style elements for each of
the surrounding vehicles are determined based on a driving
behavior of the surrounding vehicle. A first set of driving
style elements representing the driving behaviors of the
surrounding vehicles is transmitted from the first autono-
mous vehicle to a second autonomous vehicle over a wire-
less network. A second set of driving style elements is
received from the second autonomous vehicle, where the
second set of driving style elements were determined by the
second autonomous vehicle based on a perception of driving
behaviors of vehicles surrounding the second autonomous
vehicle. A driving style is determined based on the first set
of driving style elements and the second set of driving style
elements. The driving style includes information describing
how the first autonomous vehicle should drive in view of the
surrounding vehicles at a point in time. The first autonomous
vehicle is controlled and driven based on planning and
control data generated based on the driving style.

FIG. 1 is a block diagram illustrating an autonomous
vehicle network configuration according to one embodiment
of the invention. Referring to FIG. 1, network configuration
100 includes autonomous vehicle 101 that may be commu-
nicatively coupled to one or more servers 103-104 over a
network 102. Although there is one autonomous vehicle
shown, multiple autonomous vehicles can be coupled to
each other and/or coupled to servers 103-104 over network
102. Network 102 may be any type of networks such as a
local area network (LAN), a wide area network (WAN) such
as the Internet, a cellular network, a satellite network, or a
combination thereof, wired or wireless. Server(s) 103-104
may be any kind of servers or a cluster of servers, such as
Web or cloud servers, application servers, backend servers,
or a combination thereof. Servers 103-104 may be data
analytics servers, content servers, traffic information servers,
map and point of interest (MPOI) severs, or location servers,
etc.

An autonomous vehicle refers to a vehicle that can be
configured to in an autonomous mode in which the vehicle
navigates through an environment with little or no input
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from a driver. Such an autonomous vehicle can include a
sensor system having one or more sensors that are config-
ured to detect information about the environment in which
the vehicle operates. The vehicle and its associated control-
ler(s) use the detected information to navigate through the
environment. Autonomous vehicle 101 can operate in a
manual mode, a full autonomous mode, or a partial autono-
mous mode.

In one embodiment, autonomous vehicle 101 includes,
but is not limited to, perception and planning system 110,
vehicle control system 111, wireless communication system
112, user interface system 113, infotainment system 114, and
sensor system 115. Autonomous vehicle 101 may further
include certain common components included in ordinary
vehicles, such as, an engine, wheels, steering wheel, trans-
mission, etc., which may be controlled by vehicle control
system 111 and/or perception and planning system 110 using
a variety of communication signals and/or commands, such
as, for example, acceleration signals or commands, decel-
eration signals or commands, steering signals or commands,
braking signals or commands, etc.

Components 110-115 may be communicatively coupled
to each other via an interconnect, a bus, a network, or a
combination thereof. For example, components 110-115
may be communicatively coupled to each other via a con-
troller area network (CAN) bus. A CAN bus is a vehicle bus
standard designed to allow microcontrollers and devices to
communicate with each other in applications without a host
computer. It is a message-based protocol, designed origi-
nally for multiplex electrical wiring within automobiles, but
is also used in many other contexts.

Referring now to FIG. 2, in one embodiment, sensor
system 115 includes, but it is not limited to, one or more
cameras 211, global positioning system (GPS) unit 212,
inertial measurement unit (IMU) 213, radar unit 214, and a
light detection and range (LIDAR) unit 215. GPS system
212 may include a transceiver operable to provide informa-
tion regarding the position of the autonomous vehicle. IMU
unit 213 may sense position and orientation changes of the
autonomous vehicle based on inertial acceleration. Radar
unit 214 may represent a system that utilizes radio signals to
sense objects within the local environment of the autono-
mous vehicle. In some embodiments, in addition to sensing
objects, radar unit 214 may additionally sense the speed
and/or heading of the objects. LIDAR unit 215 may sense
objects in the environment in which the autonomous vehicle
is located using lasers. LIDAR unit 215 could include one or
more laser sources, a laser scanner, and one or more detec-
tors, among other system components. Cameras 211 may
include one or more devices to capture images of the
environment surrounding the autonomous vehicle. Cameras
211 may be still cameras and/or video cameras. A camera
may be mechanically movable, for example, by mounting
the camera on a rotating and/or tilting a platform.

Sensor system 115 may further include other sensors,
such as, a sonar sensor, an infrared sensor, a steering sensor,
a throttle sensor, a braking sensor, and an audio sensor (e.g.,
microphone). An audio sensor may be configured to capture
sound from the environment surrounding the autonomous
vehicle. A steering sensor may be configured to sense the
steering angle of a steering wheel, wheels of the vehicle, or
a combination thereof. A throttle sensor and a braking sensor
sense the throttle position and braking position of the
vehicle, respectively. In some situations, a throttle sensor
and a braking sensor may be integrated as an integrated
throttle/braking sensor.
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In one embodiment, vehicle control system 111 includes,
but is not limited to, steering unit 201, throttle unit 202 (also
referred to as an acceleration unit), and braking unit 203.
Steering unit 201 is to adjust the direction or heading of the
vehicle. Throttle unit 202 is to control the speed of the motor
or engine that in turn control the speed and acceleration of
the vehicle. Braking unit 203 is to decelerate the vehicle by
providing friction to slow the wheels or tires of the vehicle.
Note that the components as shown in FIG. 2 may be
implemented in hardware, software, or a combination
thereof.

Referring back to FIG. 1, wireless communication system
112 is to allow communication between autonomous vehicle
101 and external systems, such as devices, sensors, other
vehicles, etc. For example, wireless communication system
112 can wirelessly communicate with one or more devices
directly or via a communication network, such as servers
103-104 over network 102. Wireless communication system
112 can use any cellular communication network or a
wireless local area network (WLAN), e.g., using WiFi to
communicate with another component or system. Wireless
communication system 112 could communicate directly
with a device (e.g., a mobile device of a passenger, a display
device, a speaker within vehicle 101), for example, using an
infrared link, Bluetooth, etc. User interface system 113 may
be part of peripheral devices implemented within vehicle
101 including, for example, a keyword, a touch screen
display device, a microphone, and a speaker, etc.

Some or all of the functions of autonomous vehicle 101
may be controlled or managed by perception and planning
system 110, especially when operating in an autonomous
driving mode. Perception and planning system 110 includes
the necessary hardware (e.g., processor(s), memory, storage)
and software (e.g., operating system, planning and routing
programs) to receive information from sensor system 115,
control system 111, wireless communication system 112,
and/or user interface system 113, process the received infor-
mation, plan a route or path from a starting point to a
destination point, and then drive vehicle 101 based on the
planning and control information. Alternatively, perception
and planning system 110 may be integrated with vehicle
control system 111.

For example, a user as a passenger may specity a starting
location and a destination of a trip, for example, via a user
interface. Perception and planning system 110 obtains the
trip related data. For example, perception and planning
system 110 may obtain location and route information from
an MPOI server, which may be a part of servers 103-104.
The location server provides location services and the MPOI
server provides map services and the POls of certain loca-
tions. Alternatively, such location and MPOI information
may be cached locally in a persistent storage device of
perception and planning system 110.

During traveling of autonomous vehicle 101 along the
route, perception and planning system 110 may also obtain
real-time traffic information from a traffic information sys-
tem or server (TIS). Note that servers 103-104 may be
operated by a third party entity. Alternatively, the function-
alities of servers 103-104 may be integrated with perception
and planning system 110. Based on the real-time traffic
information, MPOI information, and location information,
as well as real-time local environment data detected or
sensed by sensor system 115 (e.g., obstacles, objects, nearby
vehicles), perception and planning system 110 can plan an
optimal route and drive vehicle 101, for example, via control
system 111, according to the planned route to reach the
specified destination safely and efficiently.
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According to one embodiment, referring back to FIG. 1,
each of autonomous vehicles, such as, autonomous vehicle
101, perceives driving behaviors of the surrounding
vehicles, determines driving style elements representing the
driving behaviors, and transmits the driving style elements
to a centralized server over network 102, in this example,
server 103 operating as a data analytics server, as shown in
FIG. 4. Referring now to FIG. 4, it shows a particular driving
area or driving region 400 that has been previously defined.
In this driving area, there are many vehicles travelling within
driving area 400, including autonomous vehicles 101A-
101D and other human-driving vehicles.

In one embodiment, each of autonomous vehicles 101A-
101D are communicatively coupled to centralized server
103 over a network. For example, each of autonomous
vehicles 101A-101D may be communicatively coupled to
one or more cellular towers, basestations, or WiF1i hot spots,
which are in turn coupled to centralized server 103. Accord-
ing to one embodiment, based on the driving elements
receive from autonomous vehicles 101A-101D, server 103
determines a driving style representing the driving style of
all vehicles travelling within driving area 400 at the point in
time. Server 103 then transmits the driving style back to
autonomous vehicles 101A-101D, provided autonomous
vehicles 101A-101D are still located within driving area
400. As a result, autonomous vehicles 101A-101D can adopt
to the driving style when planning the next driving or
moving cycle.

Referring back to FIG. 1, in one embodiment, server 103
includes data collector 121 and driving style analysis mod-
ule 122. Data collector 121 collects all the driving style
elements from all the autonomous vehicles that are commu-
nicatively coupled to server 103. The driving style elements
may be stored as a part of driving style information 123 in
apersistent storage device such as hard disks. A driving style
element may refer to a driving speed of a vehicle, a distance
between two vehicles, a deceleration rate of a vehicle, or a
distance for deceleration (from deceleration to complete
stop). A driving style element may further refer to a fre-
quency of changing lanes, a speed of changing lanes, or a
turning angle of changing lanes.

In addition to the driving style elements, data collector
121 further receives the locations of each autonomous
vehicle sending the driving style elements, as well as loca-
tions of their surrounding vehicles. Server 103 may further
maintain vehicle map 124 indicating the locations of the
vehicles involved.

In one embodiment, analysis module 122 performs an
analysis on driving style information 123 to determine a
driving style of a particular driving area, which may be
defined as a part of driving area information 125. A driving
area may be a city, a block of a city, a block of a suburban,
a segment of a highway, or an intersection, etc. For each of
the driving areas, analysis module 122 identifies the driving
style elements of the vehicles that are located within the
driving area, performs an analysis on the driving style
elements, and determines a driving style based on the
analysis for that driving area. Analysis module 122 then
identifies the autonomous vehicles that are located within
the corresponding driving area based on vehicle map 124.
Analysis module 122 then transmits the driving style to the
autonomous vehicles that are still located within the driving
area at the point in time.

In one embodiment, a driving style may include some or
all of the driving style elements described above that rep-
resent all of the vehicles travelling within the driving area,
such as, for example, averaged driving style elements. For
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example, a driving style may refer to an averaged driving
speed of vehicles, an averaged distance amongst the
vehicles, an averaged deceleration rate of vehicles, an aver-
aged distance for deceleration (e.g., from deceleration to
complete stop), an averaged frequency of changing lanes, an
averaged speed of changing lanes, or an averaged turning
angle of changing lanes.

Note that when autonomous vehicle 101 transmits driving
style elements to server 103, it may be in a first driving area.
Thus, the driving style elements represent the driving behav-
iors of the vehicles located within the first driving area at the
time. However, when server 103 determines the driving style
for the first driving area and is ready to transmit the driving
style of the first driving area, autonomous vehicle 101 may
be in a second driving area. Thus, autonomous vehicle 101
may not receive the driving style for the first driving area.
Rather, autonomous vehicle 101 may receive the driving
style for the second driving area. The second driving style
for the second driving area may be determined based on the
driving style elements submitted by other autonomous
vehicles located within the second driving area.

FIG. 3 is a block diagram illustrating an example of a
perception and planning system used with an autonomous
vehicle according to one embodiment of the invention.
System 300 may be implemented as a part of autonomous
vehicle 101 of FIG. 1 including, but is not limited to,
perception and planning system 110, control system 111, and
sensor system 115. Referring to FIG. 3, perception and
planning system 110 includes, but is not limited to, local-
ization module 301, perception module 302, decision mod-
ule 303, planning module 304, control module 305, driving
behavior learning module 306, and driving style determina-
tion module 307.

Some or all of modules 301-307 may be implemented in
software, hardware, or a combination thereof. For example,
these modules may be installed in persistent storage device
352, loaded into memory 351, and executed by one or more
processors (not shown). Note that some or all of these
modules may be communicatively coupled to or integrated
with some or all modules of vehicle control system 111 of
FIG. 2. Some of modules 301-307 may be integrated
together as an integrated module.

Localization module 301 (also referred to as a map and
route module) manages any data related to a trip or route of
a user. A user may log in and specify a starting location and
a destination of a trip, for example, via a user interface.
Localization module 301 communicates with other compo-
nents of autonomous vehicle 300, such as map and route
information 311, to obtain the trip related data. For example,
localization module 301 may obtain location and route
information from a location server and a map and POI
(MPOI) server. A location server provides location services
and an MPOI server provides map services and the POIs of
certain locations, which may be cached as part of map and
route information 311. During traveling of autonomous
vehicle 300 along the route, localization module 301 may
also obtain real-time traffic information from a traffic infor-
mation system or server.

Based on the sensor data provided by sensor system 115
and localization information obtained by localization mod-
ule 301, a perception of the surrounding environment is
determined by perception module 302. The perception infor-
mation may represent what an ordinary driver would per-
ceive surrounding a vehicle in which the driver is driving.
The perception can include the lane configuration (e.g.,
straight or curve lanes), traffic light signals, a relative
position of another vehicle, a pedestrian, a building, cross-
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walk, or other traffic related signs (e.g., stop signs, yield
signs), etc., for example, in a form of an object.

Perception module 302 may include a computer vision
system or functionalities of a computer vision system to
process and analyze images captured by one or more cam-
eras in order to identify objects and/or features in the
environment of autonomous vehicle. The objects can
include traffic signals, road way boundaries, other vehicles,
pedestrians, and/or obstacles, etc. The computer vision sys-
tem may use an object recognition algorithm, video tracking,
and other computer vision techniques. In some embodi-
ments, the computer vision system can map an environment,
track objects, and estimate the speed of objects, etc. Per-
ception module 302 can also detect objects based on other
sensors data provided by other sensors such as a radar and/or
LIDAR.

For each of the objects, decision module 303 makes a
decision regarding how to handle the object. For example,
for a particular object (e.g., another vehicle in a crossing
route) as well as its metadata describing the object (e.g., a
speed, direction, turning angle), decision module 303
decides how to encounter the object (e.g., overtake, yield,
stop, pass). Decision module 303 may make such decisions
according to a set of rules such as traffic rules, which may
be stored in persistent storage device 352 (not shown).

Based on a decision for each of the objects perceived,
planning module 304 plans a path or route for the autono-
mous vehicle, as well as driving parameters (e.g., distance,
speed, and/or turning angle). That is, for a given object,
decision module 303 decides what to do with the object,
while planning module 304 determines how to do it. For
example, for a given object, decision module 303 may
decide to pass the object, while planning module 304 may
determine whether to pass on the left side or right side of the
object. Planning and control data is generated by planning
module 304 including information describing how vehicle
300 would move in a next moving cycle (e.g., next route/
path segment). For example, the planning and control data
may instruct vehicle 300 to move 10 meters at a speed of 30
mile per hour (mph), then change to a right lane at the speed
of 25 mph.

Based on the planning and control data, control module
305 controls and drives the autonomous vehicle, by sending
proper commands or signals to vehicle control system 111,
according to a route or path defined by the planning and
control data. The planning and control data include sufficient
information to drive the vehicle from a first point to a second
point of a route or path using appropriate vehicle settings or
driving parameters (e.g., throttle, braking, and turning com-
mands) at different points in time along the path or route.

Note that decision module 303 and planning module 304
may be integrated as an integrated module. Decision module
303/planning module 304 may include a navigation system
or functionalities of a navigation system to determine a
driving path for the autonomous vehicle. For example, the
navigation system may determine a series of speeds and
directional headings to effect movement of the autonomous
vehicle along a path that substantially avoids perceived
obstacles while generally advancing the autonomous vehicle
along a roadway-based path leading to an ultimate destina-
tion. The destination may be set according to user inputs via
user interface system 113. The navigation system may
update the driving path dynamically while the autonomous
vehicle is in operation. The navigation system can incorpo-
rate data from a GPS system and one or more maps so as to
determine the driving path for the autonomous vehicle.
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Decision module 303/planning module 304 may further
include a collision avoidance system or functionalities of a
collision avoidance system to identify, evaluate, and avoid
or otherwise negotiate potential obstacles in the environment
of'the autonomous vehicle. For example, the collision avoid-
ance system may effect changes in the navigation of the
autonomous vehicle by operating one or more subsystems in
control system 111 to undertake swerving maneuvers, turn-
ing maneuvers, braking maneuvers, etc. The collision avoid-
ance system may automatically determine feasible obstacle
avoidance maneuvers on the basis of surrounding traffic
patterns, road conditions, etc. The collision avoidance sys-
tem may be configured such that a swerving maneuver is not
undertaken when other sensor systems detect vehicles, con-
struction barriers, etc. in the region adjacent the autonomous
vehicle that would be swerved into. The collision avoidance
system may automatically select the maneuver that is both
available and maximizes safety of occupants of the autono-
mous vehicle. The collision avoidance system may select an
avoidance maneuver predicted to cause the least amount of
acceleration in a passenger cabin of the autonomous vehicle.

In one embodiment, referring back to FIG. 3, in making
a decision, decision module 303 invokes driving behavior
learning module 306 to learn and observe the driving
behaviors of surrounding vehicles. The driving behavior of
a vehicle refers to an average speed, acceleration rate,
deceleration rate, how close the vehicle follows another
vehicle ahead, how often it changes lanes, how fast it
changes lanes, how sharp a turning angle is when changing
lanes, etc. Based on the driving behaviors learned by driving
behavior learning module 306, driving style determination
module 307 determines a list of one or more driving style
elements for each of the surrounding vehicles that may affect
changing lanes of autonomous vehicle 300.

A vehicle that may affect changing lanes of vehicle 300
may be a vehicle moving within a current lane from which
vehicle 300 attempts to change (e.g., an ahead vehicle, a
tailgating vehicle), a vehicle moving into a target lane to
which vehicle 300 attempt to change, or any other vehicles
that are within a predetermined proximity (e.g., a corre-
sponding driving area) with respect to vehicle 300. A driving
style element may refer to a driving speed of a vehicle, a
distance between two vehicles, a deceleration rate of a
vehicle, or a distance for deceleration (from deceleration to
complete stop). A driving style element may further refer to
a frequency of changing lanes, a speed of changing lanes, or
aturning angle of changing lanes. The information regarding
the driving behaviors and/or driving style elements may be
stored in persistent storage device 352 as a part of driving
style information 312.

Once the driving style elements have been extracted from
the perceived driving behaviors, driving style determination
module 307 transmits the driving style elements to a remote
server over a network. The remote server may be a part of
server 103 of FIG. 1. The remote server collects the driving
style elements from a number of vehicles that are located
within the same driving area with respect to vehicle 300. The
remote server determines a driving style for the driving area
based on the driving style elements received from various
vehicles moving within the driving areas. In one embodi-
ment, the remote server may calculate an averaged value
from each type of driving style elements received from
various vehicles. In one embodiment, information of a
driving style may refer to an average speed, an average
frequency of changing lanes, an average distance between
two vehicles moving in the same lane, an average accelera-
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tion rate, an average deceleration rate, and/or an average
angle of changing lanes of vehicles that are located within
the targeted driving area.

Once the driving style has been determined, the remote
server transmits over the network the information concern-
ing the driving style to the vehicles that are located within
the corresponding driving area. Note that a vehicle may be
located in different driving areas between the time of trans-
mitting driving style elements to the remote server and the
time of receiving a driving style from the remote server. For
example, as shown in FIG. 5, when autonomous vehicle 300
transmits driving style elements to the remote server, vehicle
300 may be in driving area 501 at the time. Thus, the driving
style elements represent the driving behaviors of the
vehicles located within the first driving area at the time.
However, when the remote server determines the driving
style for the first driving area and is ready to transmit the
driving style of the first driving area, autonomous vehicle
300 may be in driving area 502 or driving area 503 as vehicle
300 is moving. Thus, autonomous vehicle 300 may not
receive the driving style for driving area 501. Rather,
autonomous vehicle 300 may receive a second driving style
for driving area 502 or driving area 503. The second driving
style for second driving area 502 or driving area 503 may be
determined based on the driving style elements submitted by
other autonomous vehicles.

Assuming vehicle 300 is still located within the same
driving area, driving style determination module 307
receives the driving style from the remote server. In response
to the driving style provided by driving style determination
module 307, decision module 303 makes a decision of
adopting the driving style and planning module 304 gener-
ates planning and control data based on the decision or
decisions of decision module 303. Based on the planning
and control data, control module 305 controls and drives
autonomous vehicle 300 accordingly.

FIG. 6 is a flow diagram illustrating a process of operating
an autonomous vehicle according one embodiment of the
invention. Process 600 may be performed by processing
logic which may include software, hardware, or a combi-
nation thereof. For example, process 600 may be performed
by perception and planning system 110 of FIG. 3. Referring
to FIG. 6, at block 601, processing logic monitors and
perceives driving behaviors of one or more vehicles sur-
rounding an autonomous vehicle. The surrounding vehicles
are within a predetermined proximity or driving area with
respect to the autonomous vehicle. At block 602, for each of
the surrounding vehicles, processing logic determines a list
of'one or more driving style elements based on the perceived
driving behaviors. At block 603, the driving style elements
are transmitted to a remote server over a network to allow
the remote server to determine a driving style corresponding
to the driving area. At block 604, a response is received from
the remote server. The response includes a driving style
determined by the remote server based on the driving style
elements collected from various vehicles. At block 605,
planning and control data is generated for a next driving
cycle (e.g., next route segment) based in part on the driving
style to adopt the driving style of the driving area. At block
606, the autonomous vehicle is controlled and driven based
on the planning and control data.

FIG. 7 is a flow diagram illustrating a process of deter-
mining driving styles for operating autonomous vehicles
according one embodiment of the invention. Process 700
may be performed by processing logic which may include
software, hardware, or a combination thereof. For example,
process 700 may be performed by data analytics system or
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server 103 of FIG. 3. Referring to FIG. 7, at block 701,
processing logic receives driving style elements from a
number of autonomous vehicles over a network. At block
702, processing logic determines one or more driving areas
based on the locations of the autonomous vehicles. At block
703, for each of the driving areas, processing logic identifies
one or more vehicles that are located within the driving area.
At block 704, processing logic analyzes the driving style
elements associated with the vehicles within the driving
area. At block 705, processing logic determines a driving
style for the driving area based on the analysis. At block 706,
processing logic transmits the driving style to each of the
autonomous vehicles located in the driving area at the point
in time. Processing logic optionally stores the driving styles
for various driving areas in a database for future usage. The
historic driving styles of a driving area may be utilized to
determine future driving styles for the same or similar
driving area.

The techniques described above require an autonomous
vehicle transmitting the driving style elements to a central-
ized server over a network such as a cloud network. In some
situations, such a network connection may be unavailable.
For example, if a vehicle is travelling in a city, certain
wireless signals (e.g., cellular signals) may be blocked by
the tall buildings. Similarly, when a vehicle is travelling in
a suburban area, there may not be a cellular tower or
basestation available either. As a result, the centralized
server may not be utilized appropriately.

According to one embodiment, when an autonomous
vehicle detects that a network connection with a remote
server is unavailable, the autonomous vehicle may commu-
nicate with other vehicles nearby over a wireless local area
network to exchange the driving style elements. The autono-
mous vehicle then determines the driving style based on the
exchanged driving style elements and adopts the driving
style accordingly. That is, instead of centrally determining a
driving style for a driving area at a remote server, each
autonomous vehicle can determine the driving style based
on the driving style elements exchanged with other nearby
autonomous vehicles.

Referring now to FIG. 8, in this example, a network
connection to remote server 103 is unavailable. Each of
autonomous vehicles 101A-101D maintains a local network
connection each the rest of the autonomous vehicles within
a particular driving area represented by FIG. 8. When
deciding a next moving cycle, each of autonomous vehicles
101A-101D perceives driving behaviors of the surrounding
vehicles and determines driving style elements based on the
driving behaviors. Each of autonomous vehicles 101A-101D
then exchanges the driving style elements with the rest of the
autonomous vehicles in the driving area. Based on the
exchanged driving style elements, at least one of autono-
mous vehicles 101A-101D determines the driving style and
adopts the driving style in deciding the next moving cycle.

For example, when autonomous vehicle 101A detects that
a network connection with sever 103 is unavailable, autono-
mous vehicle 101A communicates with other autonomous
vehicles in the driving area such as autonomous vehicles
101B-101D to establish a WLAN connection. Autonomous
vehicle 101A then transmits a first set of driving style
elements concerning driving behaviors of its surrounding
vehicles to autonomous vehicles 101B-101D to exchange a
second set, a third set, and a fourth set of driving style
elements of vehicles surrounding autonomous vehicles
101B-101D, respectively. Autonomous vehicle 101A then
aggregates at least some of the first set, second set, third set,
and fourth set of driving style elements to determine a
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driving style. Autonomous vehicle 101A then adopts the
driving style in deciding a next moving cycle.

FIG. 9 is a flow diagram illustrating a process of operating
an autonomous vehicle according one embodiment of the
invention. Process 900 may be performed by processing
logic which may include software, hardware, or a combi-
nation thereof. For example, process 900 may be performed
by perception and planning system 110 of FIG. 3. Referring
to FIG. 9, at block 901, processing logic monitors and
perceives driving behaviors of vehicles surrounding an
autonomous vehicle. At block 902, for each of the surround-
ing vehicles, processing logic determines a list of driving
style elements based on the perceived driving behaviors. At
block 903, processing logic transmits the driving style
elements to one or more other autonomous vehicles in the
driving area to exchange the driving style elements gener-
ated by those autonomous vehicles. At block 904, processing
logic aggregates the driving style elements that were gen-
erated by itself and received from other autonomous
vehicles in the driving area. A driving style is then deter-
mined based on the aggregated driving style elements. At
block 905, processing logic generates planning and control
data based in part on the driving style. At block 906, the
autonomous vehicle is controlled and driven based on the
planning and control data.

Note that some or all of the components as shown and
described above may be implemented in software, hardware,
or a combination thereof. For example, such components
can be implemented as software installed and stored in a
persistent storage device, which can be loaded and executed
in a memory by a processor (not shown) to carry out the
processes or operations described throughout this applica-
tion. Alternatively, such components can be implemented as
executable code programmed or embedded into dedicated
hardware such as an integrated circuit (e.g., an application
specific IC or ASIC), a digital signal processor (DSP), or a
field programmable gate array (FPGA), which can be
accessed via a corresponding driver and/or operating system
from an application. Furthermore, such components can be
implemented as specific hardware logic in a processor or
processor core as part of an instruction set accessible by a
software component via one or more specific instructions.

FIG. 10 is a block diagram illustrating an example of a
data processing system which may be used with one
embodiment of the invention. For example, system 1500
may represent any of data processing systems described
above performing any of the processes or methods described
above, such as, for example, perception and planning system
110 or any of servers 103-104 of FIG. 1. System 1500 can
include many different components. These components can
be implemented as integrated circuits (ICs), portions thereof,
discrete electronic devices, or other modules adapted to a
circuit board such as a motherboard or add-in card of the
computer system, or as components otherwise incorporated
within a chassis of the computer system.

Note also that system 1500 is intended to show a high
level view of many components of the computer system.
However, it is to be understood that additional components
may be present in certain implementations and furthermore,
different arrangement of the components shown may occur
in other implementations. System 1500 may represent a
desktop, a laptop, a tablet, a server, a mobile phone, a media
player, a personal digital assistant (PDA), a Smartwatch, a
personal communicator, a gaming device, a network router
or hub, a wireless access point (AP) or repeater, a set-top
box, or a combination thereof. Further, while only a single
machine or system is illustrated, the term “machine” or
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“system” shall also be taken to include any collection of
machines or systems that individually or jointly execute a set
(or multiple sets) of instructions to perform any one or more
of the methodologies discussed herein.

In one embodiment, system 1500 includes processor
1501, memory 1503, and devices 1505-1508 via a bus or an
interconnect 1510. Processor 1501 may represent a single
processor or multiple processors with a single processor core
or multiple processor cores included therein. Processor 1501
may represent one or more general-purpose processors such
as a microprocessor, a central processing unit (CPU), or the
like. More particularly, processor 1501 may be a complex
instruction set computing (CISC) microprocessor, reduced
instruction set computing (RISC) microprocessor, very long
instruction word (VLIW) microprocessor, or processor
implementing other instruction sets, or processors imple-
menting a combination of instruction sets. Processor 1501
may also be one or more special-purpose processors such as
an application specific integrated circuit (ASIC), a cellular
or baseband processor, a field programmable gate array
(FPGA), a digital signal processor (DSP), a network pro-
cessor, a graphics processor, a network processor, a com-
munications processor, a cryptographic processor, a co-
processor, an embedded processor, or any other type of logic
capable of processing instructions.

Processor 1501, which may be a low power multi-core
processor socket such as an ultra-low voltage processor, may
act as a main processing unit and central hub for commu-
nication with the various components of the system. Such
processor can be implemented as a system on chip (SoC).
Processor 1501 is configured to execute instructions for
performing the operations and steps discussed herein. Sys-
tem 1500 may further include a graphics interface that
communicates with optional graphics subsystem 1504,
which may include a display controller, a graphics proces-
sor, and/or a display device.

Processor 1501 may communicate with memory 1503,
which in one embodiment can be implemented via multiple
memory devices to provide for a given amount of system
memory. Memory 1503 may include one or more volatile
storage (or memory) devices such as random access memory
(RAM), dynamic RAM (DRAM), synchronous DRAM
(SDRAM), static RAM (SRAM), or other types of storage
devices. Memory 1503 may store information including
sequences of instructions that are executed by processor
1501, or any other device. For example, executable code
and/or data of a variety of operating systems, device drivers,
firmware (e.g., input output basic system or BIOS), and/or
applications can be loaded in memory 1503 and executed by
processor 1501. An operating system can be any kind of
operating systems, such as, for example, Robot Operating
System (ROS), Windows® operating system from
Microsoft®, Mac OS®/i0OS® from Apple, Android® from
Google®, LINUX, UNIX, or other real-time or embedded
operating systems.

System 1500 may further include IO devices such as
devices 1505-1508, including network interface device(s)
1505, optional input device(s) 1506, and other optional 10
device(s) 1507. Network interface device 1505 may include
a wireless transceiver and/or a network interface card (NIC).
The wireless transceiver may be a WiFi transceiver, an
infrared transceiver, a Bluetooth transceiver, a WiMax trans-
ceiver, a wireless cellular telephony transceiver, a satellite
transceiver (e.g., a global positioning system (GPS) trans-
ceiver), or other radio frequency (RF) transceivers, or a
combination thereof. The NIC may be an Ethernet card.
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Input device(s) 1506 may include a mouse, a touch pad,
a touch sensitive screen (which may be integrated with
display device 1504), a pointer device such as a stylus,
and/or a keyboard (e.g., physical keyboard or a virtual
keyboard displayed as part of a touch sensitive screen). For
example, input device 1506 may include a touch screen
controller coupled to a touch screen. The touch screen and
touch screen controller can, for example, detect contact and
movement or break thereof using any of a plurality of touch
sensitivity technologies, including but not limited to capaci-
tive, resistive, infrared, and surface acoustic wave technolo-
gies, as well as other proximity sensor arrays or other
elements for determining one or more points of contact with
the touch screen.

10 devices 1507 may include an audio device. An audio
device may include a speaker and/or a microphone to
facilitate voice-enabled functions, such as voice recognition,
voice replication, digital recording, and/or telephony func-
tions. Other IO devices 1507 may further include universal
serial bus (USB) port(s), parallel port(s), serial port(s), a
printer, a network interface, a bus bridge (e.g., a PCI-PCI
bridge), sensor(s) (e.g., a motion sensor such as an acceler-
ometer, gyroscope, a magnetometer, a light sensor, compass,
a proximity sensor, etc.), or a combination thereof. Devices
1507 may further include an imaging processing subsystem
(e.g., a camera), which may include an optical sensor, such
as a charged coupled device (CCD) or a complementary
metal-oxide semiconductor (CMOS) optical sensor, utilized
to facilitate camera functions, such as recording photographs
and video clips. Certain sensors may be coupled to inter-
connect 1510 via a sensor hub (not shown), while other
devices such as a keyboard or thermal sensor may be
controlled by an embedded controller (not shown), depen-
dent upon the specific configuration or design of system
1500.

To provide for persistent storage of information such as
data, applications, one or more operating systems and so
forth, a mass storage (not shown) may also couple to
processor 1501. In various embodiments, to enable a thinner
and lighter system design as well as to improve system
responsiveness, this mass storage may be implemented via
a solid state device (SSD). However in other embodiments,
the mass storage may primarily be implemented using a hard
disk drive (HDD) with a smaller amount of SSD storage to
act as a SSD cache to enable non-volatile storage of context
state and other such information during power down events
so that a fast power up can occur on re-initiation of system
activities. Also a flash device may be coupled to processor
1501, e.g., via a serial peripheral interface (SPI). This flash
device may provide for non-volatile storage of system
software, including BIOS as well as other firmware of the
system.

Storage device 1508 may include computer-accessible
storage medium 1509 (also known as a machine-readable
storage medium or a computer-readable medium) on which
is stored one or more sets of instructions or software (e.g.,
module, unit, and/or logic 1528) embodying any one or
more of the methodologies or functions described herein.
Processing module/unit/logic 1528 may represent any of the
components described above, such as, for example, driving
style analysis module 122, driving style determination 307,
or driving behavior learning module 306. Processing mod-
ule/unit/logic 1528 may also reside, completely or at least
partially, within memory 1503 and/or within processor 1501
during execution thereof by data processing system 1500,
memory 1503 and processor 1501 also constituting
machine-accessible storage media. Processing module/unit/
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logic 1528 may further be transmitted or received over a
network via network interface device 1505.

Computer-readable storage medium 1509 may also be
used to store the some software functionalities described
above persistently. While computer-readable storage
medium 1509 is shown in an exemplary embodiment to be
a single medium, the term “computer-readable storage
medium” should be taken to include a single medium or
multiple media (e.g., a centralized or distributed database,
and/or associated caches and servers) that store the one or
more sets of instructions. The terms “computer-readable
storage medium” shall also be taken to include any medium
that is capable of storing or encoding a set of instructions for
execution by the machine and that cause the machine to
perform any one or more of the methodologies of the present
invention. The term “computer-readable storage medium”
shall accordingly be taken to include, but not be limited to,
solid-state memories, and optical and magnetic media, or
any other non-transitory machine-readable medium.

Processing module/unit/logic 1528, components and
other features described herein can be implemented as
discrete hardware components or integrated in the function-
ality of hardware components such as ASICS, FPGAs, DSPs
or similar devices. In addition, processing module/unit/logic
1528 can be implemented as firmware or functional circuitry
within hardware devices. Further, processing module/unit/
logic 1528 can be implemented in any combination hard-
ware devices and software components.

Note that while system 1500 is illustrated with various
components of a data processing system, it is not intended
to represent any particular architecture or manner of inter-
connecting the components; as such details are not germane
to embodiments of the present invention. It will also be
appreciated that network computers, handheld computers,
mobile phones, servers, and/or other data processing sys-
tems which have fewer components or perhaps more com-
ponents may also be used with embodiments of the inven-
tion.

Some portions of the preceding detailed descriptions have
been presented in terms of algorithms and symbolic repre-
sentations of operations on data bits within a computer
memory. These algorithmic descriptions and representations
are the ways used by those skilled in the perception and
planning arts to most effectively convey the substance of
their work to others skilled in the art. An algorithm is here,
and generally, conceived to be a self-consistent sequence of
operations leading to a desired result. The operations are
those requiring physical manipulations of physical quanti-
ties.

It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropriate
physical quantities and are merely convenient labels applied
to these quantities. Unless specifically stated otherwise as
apparent from the above discussion, it is appreciated that
throughout the description, discussions utilizing terms such
as those set forth in the claims below, refer to the action and
processes of a computer system, or similar electronic com-
puting device, that manipulates and transforms data repre-
sented as physical (electronic) quantities within the com-
puter system’s registers and memories into other data
similarly represented as physical quantities within the com-
puter system memories or registers or other such informa-
tion storage, transmission or display devices.

Embodiments of the invention also relate to an apparatus
for performing the operations herein. Such a computer
program is stored in a non-transitory computer readable
medium. A machine-readable medium includes any mecha-
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nism for storing information in a form readable by a machine
(e.g., a computer). For example, a machine-readable (e.g.,
computer-readable) medium includes a machine (e.g., a
computer) readable storage medium (e.g., read only memory
(“ROM”), random access memory (“RAM”), magnetic disk
storage media, optical storage media, flash memory
devices).

The processes or methods depicted in the preceding
figures may be performed by processing logic that comprises
hardware (e.g. circuitry, dedicated logic, etc.), software
(e.g., embodied on a non-transitory computer readable
medium), or a combination of both. Although the processes
or methods are described above in terms of some sequential
operations, it should be appreciated that some of the opera-
tions described may be performed in a different order.
Moreover, some operations may be performed in parallel
rather than sequentially.

Embodiments of the present invention are not described
with reference to any particular programming language. It
will be appreciated that a variety of programming languages
may be used to implement the teachings of embodiments of
the invention as described herein.

In the foregoing specification, embodiments of the inven-
tion have been described with reference to specific exem-
plary embodiments thereof. It will be evident that various
modifications may be made thereto without departing from
the broader spirit and scope of the invention as set forth in
the following claims. The specification and drawings are,
accordingly, to be regarded in an illustrative sense rather
than a restrictive sense.

What is claimed is:

1. A non-transitory machine-readable medium storing
instructions, which when executed by a processor, cause the
processor to perform operations of operating an autonomous
vehicle, the operations comprising:

perceiving, by a first autonomous vehicle, driving behav-

iors of one or more first surrounding vehicles, each of
the one or more first surrounding vehicles surrounding
the first autonomous vehicle;

determining, for each of the one or more first surrounding

vehicles, first information describing one or more driv-
ing style elements based on a driving behavior of the
surrounding vehicle;
transmitting second information describing a first set of
driving style elements representing driving behaviors
of the one or more first surrounding vehicles from the
first autonomous vehicle to a second autonomous
vehicle over a wireless network, the second informa-
tion comprising some or all of the first information;

receiving third information describing a second set of
driving style elements from the second autonomous
vehicle, the second set of driving style elements deter-
mined by the second autonomous vehicle based on a
perception of driving behaviors of one or more second
surrounding vehicles surrounding the second autono-
mous vehicle;

determining a driving style based on at least some of the

second information and at least some of the third
information, wherein the driving style includes fourth
information describing how the first autonomous
vehicle should drive ata point in time in view of the one
or more first surrounding vehicles, the one or more
second surrounding vehicles, or both; and

operating the first autonomous vehicle based on planning

and control data generated based, at least in part, on the
driving style, wherein operating the first autonomous
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vehicle comprises controlling the first autonomous
vehicle, driving the first autonomous vehicle, or both.

2. The non-transitory machine-readable medium of claim

1, wherein the first autonomous vehicle and the second
autonomous vehicle are located within a predetermined
proximity at the point in time.

3. The non-transitory machine-readable medium of claim

1, wherein the operations further comprise transmitting a
location of each of the one or more first surrounding vehicles
surrounding the first autonomous vehicle to the second
autonomous vehicle, wherein the second set of driving style
elements is determined based on locations of the one or more
first surrounding vehicles.

4. The non-transitory machine-readable medium of claim

1, wherein the operations further comprise receiving a
location of each of the one or more second surrounding
vehicles surrounding the second autonomous vehicle,
wherein determining the driving style is further based on
locations of the one or more second surrounding vehicles
surrounding the second autonomous vehicle.

5. The non-transitory machine-readable medium of claim

1, wherein the first set of driving style elements, the second
set of driving style elements, or both comprises at least one
selected from a group consisting of:

a driving speed associated with the one or more first
surrounding vehicles or the one or more second sur-
rounding vehicles,

a distance between a plurality of the one or more first
surrounding vehicles,

a distance between a plurality of the one or more second
surrounding vehicles,

a distance between one of the one or more first surround-
ing vehicles and one of the one or more second sur-
rounding vehicles,

a deceleration rate associated with the one or more first
surrounding vehicles or the one or more second sur-
rounding vehicles, and

a distance of deceleration associated with the one or more
first surrounding vehicles or the one or more second
surrounding vehicles.

6. The non-transitory machine-readable medium of claim

5, wherein the first set of driving style elements, the second
set of driving style elements, or both further comprises at
least one selected from a group consisting of:

a frequency of lane changes,

a speed of a lane change, and

a turning angle of a lane change.

7. A computer-implemented method for operating autono-

mous driving vehicles, the method comprising:
receiving, at a server, first information describing one or
more driving style elements associated with a plurality
of autonomous driving vehicles (ADVs) over a net-
work;
determining one or more driving areas based on locations
of the plurality of ADVs; and
for each of the one or more driving areas,
identifying a first set of ADVs that are within a prede-
termined proximity of the driving area, the first set of
ADVs comprising one or more ADVs from the
plurality of ADVs,

performing an analysis on second information describ-
ing one or more driving style elements that are
associated with the first set of ADVs, the first infor-
mation comprising the second information,

determining a driving style corresponding to the driv-
ing area based on the analysis, and
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transmitting the driving style to a second set of ADVs
that are within the predetermined proximity of the
driving area, the second set of ADV's comprising one
or more ADVs from the plurality of ADVs and the
driving style including third information describing
how each ADV from the second set of ADVs should
drive in the driving area.

8. The method of claim 7, wherein determining a driving
style corresponding to the driving area based on the analysis
comprises:

determining a current speed of ADV in the first set based

on some or all of the second information; and
calculating an average speed for all ADVs in the first set
based on current speeds of all ADVs in the first set.

9. The method of claim 7, wherein determining a driving
style corresponding to the driving area based on the analysis
comprises:

determining a distance between each pair of adjacent

ADVs in the first set based on some or all of the second
information; and

calculating an average distance of the for all pairs of

adjacent ADVs in the first set based on [[the ]]distances
between all pairs of adjacent ADVs in the first set.
10. The method of claim 7, wherein determining a driving
style corresponding to the driving area based on the analysis
comprises:
determining a deceleration rate of each ADV in the first
set based on some or all of the second information; and

calculating an average deceleration rate for all ADVs in
the first set based on deceleration rates of all ADVs in
the first set.
11. The method of claim 10, further comprising:
determining a deceleration distance of each ADV in the
first set based on the deceleration rate ADV; and

calculating an average deceleration distance for all ADVs
in the first set based on deceleration distances of all
ADVs in the first set.

12. The method of claim 7, wherein determining a driving
style corresponding to the driving area based on the analysis
comprises:

determining a number of lane changes of each of the ADV

in the first set based on some or all of the second
information; and

calculating an average number of lane changes for all

ADVs in the first set based on numbers of lane changes
of all ADVs in the first set.
13. The method of claim 12, further comprising deter-
mining an average speed of lane changes for all ADVs in the
first set based on some or all of the second information.
14. The method of claim 12, further comprising deter-
mining an average turning angle of lane changes for all
ADVs in the first set based on some or all of the second
information.
15. A non-transitory machine-readable medium having
instructions stored therein, which when executed by a pro-
cessor, cause the processor to perform operations of oper-
ating autonomous driving vehicles, the operations compris-
ing:
receiving, at a server, first information describing one or
more driving style elements from a plurality of autono-
mous driving vehicles (ADVs) over a network;

determining one or more driving areas based on locations
of the plurality of ADVs; and

for each of the one or more driving areas,
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identifying a first set of ADVs that are within a prede-
termined proximity of the driving area, the first set of
ADVs comprising one or more ADVs from the
plurality of ADVs,

performing an analysis on second information describ-
ing one or more driving style elements that are
associated with the first set of ADVs, the first infor-
mation comprising the second information,

determining a driving style corresponding to the driv-
ing area based on the analysis, and

transmitting the driving style to a second set of ADVs
that are within the predetermined proximity of the
driving area, the second set of ADV's comprising one
or more ADVs from the plurality of ADVs and the
driving style including third information describing
how each ADV from the second set of ADVs should
drive in the driving area.

16. The non-transitory machine-readable medium of
claim 15, wherein determining a driving style corresponding
to the driving area based on the analysis comprises:

determining a current speed of each ADV in the first set

based on some or all of the second information; and
calculating an average speed for all ADVs in the first set
based on current speeds of all ADVs in the first set.

17. The non-transitory machine-readable medium of
claim 15, wherein determining a driving style corresponding
to the driving area based on the analysis comprises:

determining a distance between each pair of adjacent

ADVs in the first set based on some or all of the second
information; and

calculating an average distance of the for all pairs of

adjacent ADVs in the first set based on distances
between each adjacent all pairs of adjacent ADVs in the
first set.
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18. The non-transitory machine-readable medium of
claim 15, wherein determining a driving style corresponding
to the driving area based on the analysis comprises:
determining a deceleration rate of each ADV in the first
set based on some or all of the second information; and

calculating an average deceleration rate for all ADVs in
the first set based on deceleration rates of all ADVs in
the first set.
19. The non-transitory machine-readable medium of
claim 18, wherein the operations further comprise:
determining a deceleration distance of each ADV in the
first set the deceleration rate of the ADV; and

calculating an average deceleration distance for all ADVs
in the first set based on deceleration distances of all
ADVs in the first set.

20. The non-transitory machine-readable medium of
claim 15, wherein determining a driving style corresponding
to the driving area based on the analysis comprises:

determining a number of lane changes of each ADV in the

first set based on some or all of the second information;
and

calculating an average number of lane changes for all

ADVs in the first set based on numbers of lane changes
of all ADVs in the first set.

21. The non-transitory machine-readable medium of
claim 20, wherein the operations further comprise determin-
ing an average speed of a lane change for all ADVs in the
first set based on some or all of the second information.

22. The non-transitory machine-readable medium of
claim 20, wherein the operations further comprise determin-
ing an average turning angle of a lane change for all ADVs
in the first set based on some or all of the second informa-
tion.



